Changes in the distribution of simuliid species and their disease transmission pattern may occur in response to climatic and environmental factors. Simuliid larvae were prospected in 34 rivers of Nasarawa State from January 2010 to December 2010. A total of 198,420 simuliid larvae collected were found to belong to six species as follows: S. damnosum s.l. (72.13%), S. adersi (24.31%), S. ruficorne (2.52%), S. cervicornutum (0.69%), S. alcocki (0.68%), and S. schoutedeni (0.17%). The monthly sample indicated continuous breeding throughout the year with peaks in July, August and September. The density of black fly larvae was estimated from samples collected on water plants per 1 dm 2 of water plant surface. The study showed that both physicochemical and ecological parameters influenced the density of simuliids. Correlation analysis showed a significant relationship between simuliids density and the environmental factors. Data on prevalence and distribution of simuliids in Nasarawa State are sparse and scanty. Therefore, the result of this study provides additional information on the distribution and density of simuliids in Nasarawa State, Nigeria.
Introduction
There are about 2072 species of black flies in the world today, with 2060 living and 12 extinct [1] . The family simuliidae is worldwide in distribution and is found in most rivers extending from the tropics to the Arctic Circle, only in flowing streams and rivers, even in desert ecosystems and in high polar latitudes, and coral islands [2] . Simuliids are found attached to various substrates in the fresh water streams and exhibit peculiar breeding habitat selection [3] - [6] . Nasarawa State of Nigeria falls within the onchocerciasis belt in the sub-Saharan region [7] . These simuliids are widely distributed in all the Local government areas of Nasarawa State biting and causing discomfort to man.
Simuliids have been reported breeding throughout the year in Florida, and their distribution is favoured by high temperatures [8] . Twenty or more generations have been reported in a year elsewhere in some hot countries due to high and favourable temperatures [9] [10] .
Many environmental factors (biotic and abiotic) have been associated with the richness and variation in simuliids species composition. The variations in diversity might originate from differences in environmental factors among sites and niche differences between the different species [11] - [14] . The principal environmental factors affecting simuliids distribution are water temperature, current velocity, pH, stream width and depth, vegetation, characters of stream bed, turbidity, availability of food material and dissolved oxygen concentration [4] . Many of these factors have been used to predict species distribution [15] [16] . Simuliid larvae exploit the organic matter in water for their food needs, hence enriching the lotic region, causing significant effects on species composition, larval density and distribution [4] . However, direct correlation was not found between current velocity and degree of oxygen saturation, suggesting that the relationship of simuliids to current is not determined through the oxygen factor [17] .
The size of Simulium pupae depends upon the availability of food material during larval development. When plankton is less abundant (e.g. during drought), pupae are smaller [17] . Physical conditions of the substrata have a pronounced effect in limiting larval distribution. Accumulation of silt and overgrowth by bryophytes compel larval migration, and these conditions occur most readily when the current velocityis slow [18] [19] . Algae have been reported to be a limiting factor anywhere they occurred. Similarly, working independent these authors [17] - [19] reported similar findings.
Nasarawa State habours different species of simuliids [20] , S. alcocki, S. cervicornutum, S. unicornutum, S. adersi, S. hargreavesi Gibbins, and S. damnosum complex. It is [21] difficult to say how substrate influence the density of one simuliid or another. Simuliid larvae are usually found attached to water plants and only rarely to stones. It was confirmed that the densities of S. trifasciatum and S. morsitans were related to river substrate. The larvae of S. trifasciatum preferred sand while those of S. morsitans preferred courser substrates, such as rubble. Adult simuliid flies are migratory; commonly flying many kilometers from larval breeding sites [22] . Nasarawa State falls along the low altitude zones where temperatures are high throughout the year making it suitable for the flies to produce many generations in a given year. The study on some physicochemical parameters of simuliids breeding water is important for the comprehensive understanding of the distribution and ecology of simuliids. This study was initiated to investigate the distribution and the density of simuliid species including the relationship between biotic and abiotic factors influencing simuliid density and environmental preferences in 34 rivers of Nasarawa State. Frequent sampling was therefore, adopted to determine how species distributions respond to climatic and environmental changes.
Materials and Methods

Study Area
Nasarawa State is located on latitude 7˚45' and 9˚25'N, longitude 7˚ and 9˚37'E of the Greenwich meridian [23] . It shares boundary with Kaduna State in the north, Plateau State in the east, Taraba and Benue States in the south with Kogi and Federal Capital Territory in the west. The State has a land area of 27137.8 square kilometers with a population of 1,863,275 according to 2006 census. The people of Nasarawa State are mainly farmers; however some are fishermen, hunters, traditional craftsmen and traders. A substantial population of nomads resides in Nasarawa State who supply milk, eggs, butter, hides and skin.
The vegetation type of Nasarawa State is the guinea savanna, which itself is a derivative of the tropical deci-duous forest. The vegetation is largely a characteristic of southern guinea savanna and some element of northern guinea savanna with interspersion of thicket grassland, tree savanna, woodlands or gallery forest along the valleys. It is also called woodland savanna or parkland savanna [24] . This study was conducted in eight [8] local government areas (L.G.A.) of Nasarawa State. Selection of rivers was based on proportional stratified random sampling from the southern, northern and western zones in the state. Three LGAs (Lafia, Obi, Doma) were selected from the southern zone. Two L.G.As (Akwanga and Nasarawa Eggon) from the northern zone and three LGAs (Keffi, Kokona and Toto) were selected from the western zone (Figure 1). 
Study Sites
The rivers from selected L.G.As. of Nasarawa state were divided into temporary and permanent rivers for the purpose of this study. Sampling sites were chosen from each river and rivers were divided into, shaded or forested or open land. Human activities around the river e.g. farming, fishing, washing, bathing, block making or mechanic workshop. Foot paths linking villages across the rivers were also noted. Commercial and other activities around the rivers were noted. The river bed substratum was divided into mud, sand and rubble.
Sampling of Simullid Larvae and Pupae
Aquatic stages of simuliids were sampled from 34 rivers covering 8 Local government areas in Nasarawa State. The sampling locations were selected based on rivers crossing only the major roads. Larvae and pupae of simuliids were sampled from all available substrates found in the habitat every month from January to December 2010.
Immature stages of simuliids were found in running water at rapids and rivulets attached to any fixed submerged surface substrates such as water plants, trailing roots and branches and leaves, stones, inclined rock surfaces, cans, bottles, plastics and logs of wood. The immature stages were pick using gold plated fine entomological pins into bijou bottles containing ice cold 1:3 glacial acetic acid and ethanol (carnoys solution) in ice chest. The content was renewed before leaving the river and change before driving away and finally changes again in the laboratory. This is to ensure that water is completely drained away for good preservation. The larvae and pupae were preserved in 1:3 glacial acetic acid and ethanol solution for morphological identifications in the laboratory. Standard procedures were used for morphological identification of simuliids [20] . 
Determination of Physicochemical Parameters
Water samples were collected from the 34 rivers (in 250 ml beaker) and analyze using digital Hanna instrument model HI98129. Water parameters such as p H , water temperature, conductivity and total dissolve substances were measured.
Determination of Ecological Factors
Standard sampling protocol for measuring width and depth of the river, water current velocity and river bed bottom were followed [5] [15] [25] .
Data Analysis
Data analysis was carried out to determine the relationship between simuliids density and each water parameter using correlation analysis to determine the fitness for the presence of different species of simuliid. Principal component analysis (PCA) followed by Varimax rotation were used to collapse water parameters and physicochemical parameters into smaller number of statistically independent principal components to determine their association with the simuliids distribution and density. Simuliids densities among the various locations in the L.G.As and rivers were compared using one way ANOVA.
Results
Simuliids sampled in Nasarawa State revealed six species as shown on Table 1 . A total of 198,420 simuliid larvae were sampled comprising S. damnosum s.l. 143,125 (72.13%), S. alcocki 1358 (0.68%), S. adersi 47,238 (24.31%), S. ruficorne 5008 (2.52), S. schoutedeni 331 (0.17) and S. cervicornutum. All but 2 of the 34 rivers prospected were found to habour simuliids larvae with high densities in rivers Ando, NSUK, Bakin Anini, Mile-5 and Ubbe (Figure 2) The monthly density shows that simuliids breed all year round in Nasarawa State Nigeria but with peaks in the months of July (16.30%), August (35.09%) and September (29.52%) as seen in Figure 3 .
Seven physicochemical parameters were analyzed and their effect on the breeding pattern of simuliids determined ( Table 2) . Seven physicochemical parameters were analyzed and their effect on the breeding pattern of simuliids determined. The result of the correlation coefficient analysis differ significantly as follows-0.136 (temperature), 0.402 (Velocity), 0.360 (width), −0.053 (conductivity), −0.146 (total dissolve substances), 0.146 (p H ), −0.096 (oxygen saturation) for all the rivers. The difference in density of simuliids among the various locations in the L.G.As was statistically significant (F = 2.443, df = 7, p < 0.05). Similarly the density of simuliids within the various rivers was statistically significant (F = 4.160, df = 33, p < 0.001). At least five principal components have Eigen value >1 and accounted for 65.73% of variation. Simuliid density was associated with L.G.A, river, conductivity, p H and total dissolve substances in the study locations. Ecological survey revealed that some species of simuliids preferred certain rivers and had preference for certain types of substrates and substratum irrespective of the river width and depth at which larvae were found ( Table 3) .
Discussion
Rivers in Nasarawa State are two categories permanent or temporary river. Permanent rivers supported all year round breeding. The present investigation has tried to give a detailed and comprehensive report on the prevalence of simuliid species in relationship to various physicochemical water parameters across 34 rivers in Nasarawa State. S. damnosum s.l. constitutes the most common and the most spread species recorded in almost all the rivers investigated. A total of six species recorded earlier [20] Of the 34 rivers investigated for simuliid species only 2 rivers (Idari and Agada) did not record any species. Simuliids were absent probably because the rivers have sandy and muddy bottoms and some areas are swampy and therefore, lack strong water flow. It was observed that more than one species of simuliid larvae coexists in the same river within the same microhabitat.
It was earlier reported that the distribution of immature stages of simuliids is influenced by rainfall [19] which causes increase in velocity and nutrient level of the rivers, reducing algae population with increase in larval density. This could be possible reason why simuliids were absent from two rivers due to seasonal fluctuation and complete drying of the rivers. The simuliid immature stages are usually found attached to trailing roots, leaves, sticks, stems, stone surfaces, twigs and grasses which are usually about 5 cm below the water surface [6] [21] . This study recorded a maximum of only two simuliid species per river within the sampling period. It was noted that some rivers support more simuliid species than others due to difference in physicochemical parameters and substrates preference. This concurs with earlier reports that the overall river health is important for the distribution and richness of simuliid species with biotic interactions acting as primary determinants of species diversity [26] [27] . Freshwater ecologist believe that in addition to certain measurable water variables, there are other parameters which either singly or in combination with each other limit the proliferation of pre-mature stages of simuliids in the breeding habitat [5] .
The prevalence of aquatic stages of simuliids in rivers acts as biological indicator of the river's health, which is often considered analogous to human health [28] [29] . The presence of simuliids species in all but two rivers in Nasarawa State is an indication that the streams are not yet polluted by human activities.
In this study physicochemical parameters including pH, conductivity, total dissolved substances, width, velocity, oxygen concentration and temperature influence in various ways the simuliid density and distribution in rivers. Each species of simuliid prefers different physicochemical parameters which are specific for a particular species [6] . However, simuliid species as a whole cannot be considered as a suitable indicator of the streams water quality. The presences of other aquatic organism are also important. It is to be noted that while some of the rivers were temporary and dry up completely, others were perennial and supported breeding of simuliid larvae all year round. It was observed that breeding that was reduced to a few sites in the dry season extended very quickly over larger areas of potential breeding in wet season as they become submerged. This explains the fact that simuliids were capable of long distance movement. They have been reported to fly from10 to 400 km away from their breeding sites [22] .
The density of simuliids larvae was estimated from samples collected on water plants per 1 dm 2 of water plant surface. The observation of increase in population density of simuliid larvae in the months of July, August and September in this study differs from the all year breeding reported in Florida [8] .
Previous reports have it that high temperature favours early completion of life cycle, resulting in many generations in a given year. Twenty or more generations has been reported in a year in some hot countries due to high and favourable temperatures [9] [10] . Apart from high temperatures other biological and physical factors play critical roles. Reports revealed that plants substrate play key role in larvae attachment. This explains the reason why simuliid larvae found on different substrates in the water showed affinity for particular types of plant species. They show preference to plants in the Family-Poaceae, It was observed that larvae were usually found about 5 cm to 10 cm below the water surface attached to these substrates.
The presence of algae was found to limit larvae density even on the preferred plants especially in the dry season. Algae colonization of plant surfaces was high in rivers Kilima and Wange in Lafia LGA and river Prepu in Doma LGA. Algae are not likely unconnected to larval migration and these conditions occurred most readily when the water current velocity is slow giving room for algal bloom. This condition was observed between January and June during the dry season when water level was low. This concurs with other reports [7] [18] [19] . Three types of river substrata were determined in the study sites: sand, rubble and mud. The difference in substratum did not appear to regulate the species of simuliid larvae in a particular river in Nasarawa State.
Correlation analysis between the width of the river and the mean density of simuliid larvae in both temporary and permanent rivers showed a significant relationship, r = 0.816 and r = −0.201 respectively. This signified that black fly can breed in both small and large rivers in Nasarawa State. Water current velocity varies from 0.012 m/s to 0.702 m/s in the study sites. Correlation analysis revealed a significant relationship between water current velocity and the density of black fly in the rivers. This supports earlier reports that black flies bred in fast moving streams and they preferred water current velocities of 0.7 -2 m·s −1 and 0.1 -2.5 m·s −1 [10] [21].
Conclusion
The breeding of simuliid larvae in both dry and wet season is an indication of serious risk to man and his animals in Nasarawa State which is known for subsistent agricultural (farming, poultry production, cattle rearing and fishing). The dominance of S. damnosum complex, the vector of human onchocerciasis, in most rivers in Nasarawa State presents potential risk for the area. This is a threat not only to the meat industry which is not enough to feed the ever rising population of Nigerians but also to tourism industry which government is trying to promote. The ability of the insect vector to fly over 400 km from their breeding sites poses a threat to the neighboring States of Benue, Plateau, Taraba, Kaduna and the Federal Capital territory, Abuja, giving the fact that most of the people are rural farmers living in close proximity to the rivers.
